Reconstitution of biological molecular generators of electric current. Cytochrome oxidase.
1. Direct measurement of the electric current generation by cytochrome oxidase has been carried out. To this end, two procedures were used. The simpler one consists in formation of planar artificial membrane from the mixture of decane solution of soya bean phospholipids and beef heart cytochrome oxidase. Addition of cytochrome c and ascorbate to one of the two compartments separated by the cytochrome oxidase-containing planar membrane was found to result in a transmembrane electric potential difference being formed (plus on cytochrome c side of the membrane). Maximal values of potential differences obtained by this method were about 40 mV. Much higher potentials were observed when another ("photeoliposome-planar membrane") method was applied. In this case cytochrome oxidase was reconstituted with phospholipid to form proteoliposomes which adhered to planar phospholipid membrane in the presence of Ca2+ ions. Addition of cytochrome c and ascorbate to the proteoliposome-containing compartment gives rise to generation of an electric potential difference across the planar membrane, which reached 100 mV at a current of about 1 X 10(-11) A (minus in the proteoliposome-free compartment). The electromotive force of this generator was estimated as being about 0.2 V. If ascorbate and proteoliposomes were added into different compartments, a penetrating hydrogen atom carrier (phenazine methosulfate, (PMS) or tetramethyl-p-phenylenediamine (TMPD)) was required for a membrane potential to be formed. Generation of an electric potential difference of the opposite direction (plus in the proteoliposome-free compartment) was revealed in experiments with cytochrome oxidase proteoliposome containing cytochrome c in their interior. In this case, addition of PMS or TMPD was necessary. 2. In the suspension of cytochrome oxidase proteoliposome the uptake of a cationic penetrant (tetraphenyl phosphonium cation) was found to be coupled with electron transfer via external cytochrome c. Electron transfer via intraproteoliposomal cytochrome c induced the uptake of anionic penetrants (tetraphenyl borate and phenyldicarbaundecaborane anions). 3. All the above effects were sensitive to cyanide and protonophorous uncouplers. 4. In proteoliposomes containing both cytochrome oxidase and bacteriorhodopsin, the light- and oxidation-dependent generations of membrane potential have been revealed. 5. The data obtained are in agreement with Mitchell's idea of transmembrane electron flow in the cytochrome oxidase segment of the respiratory chain.